Changing dietary habits to reduce the consumption of meat is considered to have great potential to mitigate food-related greenhouse gas (GHG) emissions. To test if nudging can increase the consumption of vegetarian food, I conducted a field experiment with two university restaurants. At the treated restaurant, the salience of the vegetarian option was increased by changing the menu order, and by placing the dish at a spot visible to customers. The other restaurant served as a control. Daily sales data on the three main dishes sold were collected from September 2015 until June 2016. The experiment was divided into a baseline, an intervention, and a reversal period where the setup was returned to its original state. Results show that the nudge increased the share of vegetarian lunches sold by around 6 percentage points. The change in behavior is partly persistent, as the share of vegetarian lunches sold remained 4 percentage points higher than during the baseline period after the original setup was reinstated. The changes in consumption reduced GHG emissions from food sales around 5 percent.
Introduction
This paper presents results from a field experiment using a nudge with the aim of increasing the share of vegetarian lunches sold at a university restaurant. Changing diets to reduce consumption of meat and dairy is seen as an important part of mitigation efforts to reach a 2-degree climate target (Bryngelsson et al., 2016; Girod et al., 2014) . The livestock sector contributes approximately 14.5 percent of global human-induced greenhouse gas (GHG) emissions yearly (Gerber et al., 2013) , and meat consumption is causing about one-third of foodrelated GHG emissions emerging from consumption in Western countries such as Sweden and the United States (Jones and Kammen, 2011; Naturvårdsverket, 2011) .
1 Reducing meat consumption is also seen as a way to protect biodiversity, land, and freshwater ecosystems (Machovina and Feeley, 2014; Pelletier and Tyedmers, 2010; Pimentel and Pimentel, 2003) .
Moreover, a reduction in meat consumption can yield significant benefits for both public health and the environment (Springmann et al., 2016; Tilman and Clark, 2014; Westhoek et al., 2014) , mainly by decreasing the risk of colorectal cancer, type 2 diabetes, and cardiovascular diseases (Swedish National Food Agency, 2015) .
However, as data from Sweden where this field experiment took place, shows, reducing meat consumption will be challenging: per capita consumption has constantly risen since the 1990s to a record-high 87.7 kilograms (kg) per person in 2016 (Swedish Agricultural Board, 2017) . Under the absence of price instruments such as meat taxes, one suggestion gaining popularity in the literature is to use nudging as a cheap and nondistortionary strategy to change consumer behavior towards less carbon-intensive consumption patterns (Girod et al., 2014; Lehner et al., 2016; Sunstein, 2015) . 2 A nudge is commonly understood as a soft push toward behavior that is judged to be desirable by individuals or policy makers but that has not been fully adopted. Such a soft push can be implemented through small changes in the decision environment, while prices and the choice set remain unchanged (Thaler and Sunstein, 2008) . Most nudges build on a dual process model of cognition, which models human behav-1 In general, food is responsible for around one-fourth of the consumption-based emissions of an average US household. For Sweden, emissions from consumption are available not on a household but on an individual basis: approximately 8 tons of CO 2 equivalent (tCO 2 e) per capita emerge from private consumption, of which 2 tCO 2 e relate to food. Of those, 0.7 tCO 2 e can be attributed to meat consumption (Naturvårdsverket, 2011) . 2 Alternative policy instruments such as food consumption taxes based on GHG emissions have been discussed by the scientific community, but implementation is not foreseeable yet (Säll and Gren, 2015; Wirsenius et al., 2011) . Carbon labeling has also been discussed as a possibility to reduce meat consumption. See Shewmake et al. (2015) for a theoretical analysis and Visschers and Siegrist (2015) and Vlaeminck et al. (2014) for empirical tests.
ior as governed by two modes of thinking and deciding (Kahneman, 2003 (Kahneman, , 2011 . Decisions dominated by the first mode, also called system one, are characterized by an intuitive, fast, and automatic style of thinking where cognitive effort is low. In the second mode, or system two, slow, reflective, and controlled processes, which require more cognitive effort, dominate.
Nudging often targets decisions dominated by system one, where cognitive effort is low and the decision environment is of high importance. Food choices are seen as classical examples of decisions governed by system one where the choice environment, such as the salience of items, the structure of food assortments, or the packaging, matters (Cohen and Farley, 2007; Marteau et al., 2012; Wansink and Sobal, 2007) . In this experiment, I test whether nudging can reduce meat consumption during lunch by altering two aspects of a restaurant's physical environment: the order in which the dishes are presented on the menu and the visibility of the vegetarian dish. Moreover, I analyze the effect of the nudge on consumption choices over time and test whether the nudge has any persistent effects after the intervention ends.
To date, few field experiments have actually tested the efficacy of nudging to reduce environmental impacts from consumption. Examples include the use of social norms to reduce household water and electricity consumption (Allcott, 2011; Ferraro and Price, 2013 ; Jaime Torres and Carlsson, 2016) and changing the default setting of office printers to duplex to reduce paper consumption (Egebark and Ekström, 2016) . The evidence for nudging as a tool to facilitate healthier food choices is broader and mostly comes from experiments changing aspects of the physical environment, such as the menu order or the convenience of ordering unhealthy items (Dayan and Bar-Hillel, 2011; Just, 2009; Rozin et al., 2011; Wisdom et al., 2010) . However, there is no evidence as to whether nudging also works to induce more environmentally friendly food choices. Conceptually, nudging for the environment may be very different from nudging for health: while nudging healthy choices is often motivated by the idea of inconsistent individual preferences such as present bias, which causes people to choose unhealthy options in the present that they will regret in the future (see, for example, Wisdom et al., 2010) , it is not clear that such cognitive biases exist with respect to the sustainability of food choices. With regard to the high observed levels of meat consumption, it could well be that people's preferences are coherent, reducing the potential of nudging as a strategy to change choices. Another aspect that can reduce the effect nudging has on choices are strong underlying preferences for the good that the nudge is intended to reduce consumption of. For example, Wansink and Just (2016) find that children opted out from the default option of apples as a side dish and chose French fries. Wijk et al. (2016) find that increasing the accessibility of whole grain bread compared to white bread did not increase its sales.
There is some suggestive evidence that Swedes would like to reduce their meat consumption but fail to do so. In a representative World Wildlife Fund (WWF) survey, 37 percent of the respondents state that they will cut their meat consumption in order to reduce their climate impact during the coming year, and 33 percent state that they have already done so during the previous year (WWF, 2016) . At the same time, Swedish meat consumption rose to an all-time high in 2016 (Swedish Agricultural Board, 2017) . Whether preferences for meat are simply too strong for nudging to help overcome a potential intentions-behavior gap is thus an important question to examine.
The experiment took place at two university restaurants in Gothenburg, Sweden, with one serving as the treated restaurant and the other as a control. Both are run by the same provider and serve three warm dishes during lunch, one vegetarian and two containing either meat or fish. Daily sales data on the number of each of the three main dishes sold were collected from September 2015 until June 2016, covering the whole academic year. The first nine weeks served as a baseline period, followed by an intervention period of 17 weeks at the treated restaurant, where the vegetarian option was moved from the middle to the top of the printed menu, and the dish was moved from behind the counter to a spot visible to customers at the point of decision-making. Thus both the menu order and the visibility of the vegetarian dish were changed simultaneously. However, we have some evidence for the effect of changing the menu order only, as the local chef changed the menu order for five nonconsecutive weeks during spring 2016 at the control restaurant. During the final 13 weeks of the year, the original setup was reinstated at the treated restaurant.
Previous experiments have focused on the immediate impacts of nudges on food consumption, but it is important to study longer time periods to evaluate their overall effect. 3 One concern with nudging is that it might have only short-term effects that quickly disappear once people gain experience with the good or the choice setting (Croson and Treich, 2014; Löfgren et al., 2012; Lusk, 2014) . In the present experiment, this could be the case if customers were initially nudged to choose the vegetarian option but returned to their original choices once they became accustomed to the new setting, either because they did not like the vegetarian option or because the nudge initially increased the number of ordering mistakes. 4 The effect of the nudge could also increase over time, such as if people recommend eating vegetarian to fellow students after trying it as a result of the nudge. A priori, it is not clear whether and how the impact of the nudge changes over time. Combining an intervention period of 17 weeks and a customer pool that can be assumed to be fairly constant throughout the academic year, this is the first experiment that allows for studying the effects of a food nudge over time.
Another important question is whether the nudge affects choices only during the intervention period or has a persistent impact on behavior after it is removed. To date, no studies have looked at the habit-forming effects of nudges in the food domain. 5 If present utility of consuming a good depends on past levels of consumption, such as in the habit formation models of Becker and Murphy (1988) or Naik and Moore (1996) , an initial increase of vegetarian lunches sold because of the nudge can lead to subsequent further increases. Empirical studies show habit formation for a range of foods (see Daunfeldt et al., 2011 , for an overview), but results from experiments using incentives to increase healthier food choices are inconclusive.
Consuption of targeted items is usually somewhat higher immediately after the end of an intervention than prior to it (Just and Price, 2013; Samek, 2015, 2017) . Loewenstein et al. (2016) even find a persistent effect one and three months after the end of an incentive scheme, while Just and Price (2013) and Belot et al. (2015) do not find any persistent effects of incentives in the medium run. Nudging could be a more promising approach to creating new habits than incentivizing choices, as it does not carry the risk of crowding out intrinsic motivation (Gneezy et al., 2011) . On the other hand, habit formation could be even less pronounced when using nudging, as a subtle intervention targeting the decision environment might be less successful in causing behavior change in the first place. To examine if any effect of the nudge persisted after removing it, the original setup at the treated restaurant was reinstated for the last 13 weeks of the academic year.
Results show that when using a difference-in-differences approach to estimate the treatment effect, the combined nudge of changing visibility and menu order increased the average 4 This could occur if people simply point toward the dish that is most visible and assume it is the usual meat or fish dish served, or if they read off the first item on the menu. In an international environment such as the University of Gothenburg, with many foreign employees and students that do not speak Swedish, simply reading off the first item on the menu could be a reasonable strategy if this had been successful in the past. Although an English menu is also provided, the Swedish menu is the one that features most prominently in the restaurants. 5 Persistent effects of behavioral interventions on water and electricity consumption have been found by studies such as Ferraro et al. (2011) and Allcott and Rogers (2014) . However, as Brandon et al. (2017) discuss, these long-term effects are most likely due to an adjustment of physical capital.
sales share of vegetarian lunches by around 6 percentage points during the intervention period. Analyzing the treatment effect over time shows an increase over the course of the intervention, suggesting that the average effect is not due to initial ordering mistakes or a one-off effect of trying vegetarian food. Rather, it seems as if customers learn about the vegetarian option, and some then incorporate it permanently into their choice set. Support for this argument also comes from the postintervention period, when the original setup was reinstated and the share of vegetarian lunches sold persisted in being 4 percentage points higher than before the intervention. Back-of-the-envelope calculations of the effect of the intervention on GHG emissions show that the nudge decreased total emissions by around 5 percent.
The experiment

Experimental design
The experimental design targets the visibility of the vegetarian dish and the menu order, two features of the food environment that have been shown to matter for food choice. Changing the visibility can affect whether and how prominently a dish features in the consideration set (Wansink and Love, 2014) . If customers might not even consider the vegetarian dish an option and routinely choose between the two meat dishes offered, making it visible can add it to the consideration set without changing what is offered. Enhanced visibility will also increase a dish's saliency-that is, how much it attracts attention and how prominently it features in decision-making (Cohen and Farley, 2007; Wansink and Sobal, 2007) . Third, changing which dish is visible at the point of purchasing can also change the customers' information about a dish. If vegetarian dishes are unknown by name to a majority of consumers, making the dish visible can help them evaluate the vegetarian option before making a choice.
Changing the order in which the three lunch options are presented on the menu relies on findings from previous research showing that when people are choosing from a list, order effects can bias them toward selecting specific objects with a higher likelihood. Primacy effects increase the likelihood that they will choose items listed first. Such effects can arise if people exhibit a confirmatory bias, such as looking for reasons to choose an alternative rather than for reasons not to choose it, because of growing fatigue when reading through a list, or as a result of satisficing behavior, where options are evaluated as generally similar and reading through a whole list entails higher costs than benefits (Carney and Banaji, 2012; Mantonakis et al., 2009; Miller and Krosnick, 1998) . Dayan and Bar-Hillel (2011) study the influence of menu order on choices in a coffee shop and find that placing an item at one of the extreme positions (top or bottom) increases its sales by approximately 20 percent compared with when the same item appears in the middle. Policastro et al. (2015) study the order of an ingredients list on an ordering form and find that putting healthy items at the top of each ingredient category leads to healthier self-assembled sandwiches.
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The experiment was conducted at two restaurants at the University of Gothenburg during the academic year 2015-16. Gothenburg is the second largest city in Sweden, with a population around 550,000, and its university is the fourth largest in the country, with about 24,000
full-time students. The departments of the university are spread across the city, and the university buildings that hosted the experiment are approximately 2.5 kilometers (km) away from each other. Both restaurants serve three warm alternatives during lunch: one vegetarian and two including either meat or fish (called "meat 1" and "meat 2" in the following). 7 The restaurants are subject to the same management, but the local chefs decide on the weekly menus, and hence they differ across restaurants. Prices, however, are the same: warm dishes cost 70
SEK (approximately €7.30 or US$7.80) and are accompanied by bread, salad, and water. Instead of a warm dish, customers can also opt for soup, various salads, or sandwiches, which are priced differently. At both restaurants, the menu for the whole week is posted at the entrance but only the daily menu is shown at the point of ordering. Many employees and students also subscribe to the restaurant's weekly menu by email.
Restaurant 1, the treated restaurant where the nudge was implemented, is in a building that houses the economics, business administration, and law faculty. Hence, students and faculty members eating there mainly belong to those disciplines. Restaurant 2, which serves as a control where no changes were undertaken, is in a building housing mostly institutions belonging to the humanities. To capture initial differences between the restaurants in the quantity of vegetarian food consumed, the academic year was divided into three experimental periods.
Period 0, the baseline or control period, lasted from September 1 until November 8 (10 weeks). The intervention period (period 1) lasted from November 9 until March 6 (17 weeks including Christmas break). From March 7 until June 3 (13 weeks), the intervention ended at the treated restaurant and the original setup was restored (period 2, or reversal period).
8 6 In addition, they increased the healthy items' saliency by adding visual cues, such as stars and bold print. 7 The two nonvegetarian dishes are called dagens husman ("traditional Swedish") and gränslöst gott ("limitless good"), indicating that the style of the dishes is different. However, a detailed analysis of the menus reveals that about one-third of the dishes served show up as both the "traditional Swedish" and "limitless good" dish. 8 The final sample, as described in the data section, contains 10 weeks of data for the baseline period, 14 weeks of data for the intervention period, and 12 weeks of data for the reversal period.
The experimental design is summarized in Table 1 . During the baseline period, the restaurants differed in terms of menu layout and visibility of the dishes at the point where customers made their decision about which dish to choose for lunch. Concerning the menu order, the vegetarian option was found in the second position at the treated restaurant, framed by the two meat options. In the control restaurant, the vegetarian dish was listed first. The restaurants also differed with respect to which dish was visible at the point of ordering. At the treated restaurant, only one of the three dishes can be kept before the counter and is visible to the customers when they place their order. Before the intervention, this was the dish that was also shown at the top of the menu, hence a meat or fish dish. At the control restaurant, customers place their orders, pay, and then proceed to a counter where they pick up their lunches. However, the counter is fully transparent, and all three dishes are equally visible. If a customer wants to see how a dish looks before placing an order, he or she can easily go and take a look.
From comparing the setup at each of the two restaurants during the pre-experimental period, one can conclude that the control restaurant's food environment is more favorable for choosing the vegetarian option. During the treatment period, the vegetarian dish was moved on both the weekly and the daily menus from position two to the top at the treated restaurant (see appendix Figure A .1 for examples of the menus during period 0 and period 1 at the treated restaurant). Moreover, it was made visible by placing it before the counter at the point of ordering, and consequently both meat dishes were placed behind the counter.
At the control restaurant, no changes in menu order or visibility were made during the control or treatment period. However, on February 1, 2016 (14 weeks into period 1), the chefs changed at both restaurants. The chef of the control restaurant moved to the treated restaurant, and a new chef from outside the organization was employed at the control restaurant. Implica-tions of this change in staff for identification of the treatment effect are discussed in the methodology section.
For the remaining 13 weeks of the semester, the setup at the treated restaurant was returned to its original state: the vegetarian dish was again placed in the middle of the menu, and a meat dish was put before the counter. At the control restaurant, the new chef independently introduced some changes in operations. Amongst others, he switched the menu order during five nonconsecutive weeks of period 2, moving the vegetarian dish from the top to the middle position. This small additional natural experiment will be used to analyze the effect of an isolated change in menu order without simultaneously changing the visibility of dishes.
Data
Sales data on the daily number of lunches sold by category (vegetarian, meat 1, and meat 2) and by restaurant were collected from September 1, 2015, to June 3, 2016, covering the whole Swedish academic year 2015-16. Data were collected via the electronic cash registers at the restaurants and delivered via Excel files for analysis. 9 The full dataset includes 181 days for the treated restaurant and 184 days for the control restaurant. 10 The analysis sample is restricted to days when all three options were offered for lunch, reducing the number of observations by three for the control restaurant. 11 Moreover, either sales or menu data are missing for one day from the control and ten days from the treated restaurant. For five days in spring 2016, a different pricing scheme was applied at both restaurants, with one of the three dishes sold at a higher price. Data from these five days are excluded from the sample, as on four of those days the more expensive dish was a meat dish. The final sample used for the empirical analysis includes 175 days for the control restaurant and 166 days for the treated restaurant.
Descriptive statistics on the number of dishes sold overall and by dish type are shown in Table 2 . The treated restaurant is slightly bigger than the control restaurant, selling on average 152 warm lunches a day throughout the year, while the control sells on average about 140 dishes. Total sales decrease at both restaurants throughout the year. The decrease is larger at the treated than at the control restaurant, which could be an unintended side effect of the nudge. To evaluate the impact of the nudge on total sales, it would be necessary to compare changes during the experiment with changes from the previous year, which is not possible because of a price increase for the warm lunch in 2014-15. According to restaurant management, the observed decrease in total sales was no larger than in previous years. 12 The share of vegetarian food consumed is consistently higher at the control restaurant, which might reflect differences in the customer population, as the restaurants are located at different faculties of the university. It might also reflect the more vegetarian-friendly decision environment described above. 14 and world (such as vegetarian enchiladas, Asian noodles, and falafel). For some types of dishes, how often they occurred on the menu varied considerably. For example, vegetarian dishes belonging to the patty category were offered on 11 percent and 13 percent of all days during periods 0 and 1, respectively, but on 27 percent of all days during period 2. Appendix Table A .1 shows how the restaurants' menu compositions changed across experimental periods for both the vegetarian and the meat dishes. Figure 1 shows that vegetarian dishes vary in popularity depending on the dish type. For example, during the pre-experimental period, sales shares ranged from 12 percent for vegetable dishes to 21 percent for world dishes at the treated restaurant. The popularity pattern of dishes looks similar across restaurants, with patties and world dishes being most popular. 13 As the soup could be customized to being vegetarian, the menu effectively contained two vegetarian and two meat dishes on the days it was served. This potentially creates measurement error in the share of vegetarian dishes sold. To minimize the impact of potential measurement error in the regressions, the soup was classified as its own category of meat dishes and entered as a control variable in the main regression specifications. Empirical results are robust to excluding the days where soup was served and are available on request. 14 The vegetarian soup could also be customized to nonvegetarian by adding bacon, without this being noticed by the cashier. However, as it was served as the vegetarian dish, the menu effectively contained three meat dishes and one vegetarian dish on the days it was offered (12 days at the treated restaurant, 5 days at the control restaurant). Again, the share of vegetarian dishes sold as the variable of interest is most likely subject to measurement error on those days. Controlling for the type of dish should ameliorate the measurement error.
Figure 1. Share of vegetarian dishes sold by type of dish
Note: Error bars represent 0.95 confidence intervals around the mean for each type. Error bar for soup in period 2 is omitted, as there was only one observation this period.
Empirical strategy 2.3.1. Before-after analysis
Building on the experimental design, two identification strategies are used to estimate the effect of the nudge and its subsequent removal on the share of vegetarian dishes sold. The first approach is to compare the sales share at the treated restaurant across periods, controlling for additional factors:
is the share of vegetarian lunches sold at restaurant 1 on day . 1 and 2 are dummy variables indicating whether an observation belongs to the treatment or the reversal period, respectively; 1 captures the effects of the combined nudge in period 1;
and 2 captures any remaining effects of the nudge after its removal in period 2.
is a vector of dummy variables characterizing the type of vegetarian dish served that day and is introduced to capture differences in popularity between dish types.
1 × 2 is a vector of all observed combinations of meat dishes offered. 15 It is introduced to control for the influence of the outside options on . introduces day-of-the-week fixed effects. To estimate how the nudge affects the sales of the meat 1 and meat 2 dishes, equation (1) can also be specified with the share of meat 1 or meat 2 dishes sold as the dependent variable. While the intervention directly affected the visibility and menu position of the meat 1 dish such that one would expect the sales share to decrease, sales of the meat 2 dish could be also affected. Although the menu position and visibility of this dish were kept constant throughout the experiment, the nudge might change its salience relative to the meat 1 and vegetarian dishes.
The impact of the nudge over time can be analyzed by estimating equation (1) with a linear time trend and by dividing the period dummies further into subperiods and comparing their coefficients. This can also help elucidate whether the change of chefs at the treated restaurant had an additional impact on the share of vegetarian dishes sold.
An alternative to looking separately at the share of each dish type sold as the dependent variable in a linear regression framework is to model the sales of all three dish types, vegetarian, meat 1, and meat 2, in a multinomial regression. This can serve as a robustness check for the ordinary least squares (OLS) results, taking into account that the share of vegetarian dishes sold results from customers facing three unordered options they can choose from, and has the advantage of simultaneously estimating the effect of the nudge on all three alternatives. I estimate the following conditional logit model with alternative-specific constants, modelling the probability that alternative is chosen at day :
where , = 1, 2, 3 denote the three alternatives (meat 1, meat 2, and vegetarian). Identification in the conditional logit model crucially depends on the assumption of independence of irrelevant alternatives (IIA), which excludes the presence of close substitute alternatives. As the meat 1 and meat 2 dishes are very similar, it is likely that consumers eating meat substitute between those two dishes to a greater extent than with the vegetarian dish. To relax the IIA assumption, I also estimate a partially degenerate nested logit model that partitions the choice set into one branch containing the meat alternatives and one branch containing the vegetarian alternative (see, for example, Hunt, 2000) .
Estimating effects of the nudge on the share of vegetarian dishes sold by before-after analysis will give unbiased results only if factors external to the experiment that might drive changes in sales across the period can be excluded. Such external factors could, for example, be food trends, media reporting on food-related issues, or seasonal variation in consumption patterns. Given the long observation period, identification is especially sensitive to this (untestable) assumption. However, it can be relaxed by using data from restaurant 2 as a control, which should capture any exogenous changes that could affect the consumption of vegetarian food during the experiment, in a difference-in-differences analysis.
Difference-in-differences analysis
The following difference-in-differences (DiD) model is estimated to identify the effect of the nudge on the share of vegetarian dishes sold by comparing changes across periods 0 and 1 at the treated restaurant with changes at the control restaurant:
where is the share of vegetarian lunch dishes sold at restaurant on day . Initial differences in the share of vegetarian lunches sold are captured by the dummy variable , which is 0 for the control restaurant and 1 for the treated restaurant. 1 is a dummy variable taking the value 1 if an observation belongs to the treatment period and controls for changes in the popularity of vegetarian food across periods common to both restaurants. is again a vector of dummy variables characterizing the type of vegetarian dish served, and 1 × 2 controls for the combination of meat dishes served as outside options. , , and ℎ are time fixed effects controlling for the day of the week, for the weeks around the Christmas holidays 16 , and for the calendar month.
Month fixed effects are especially important, as they capture any potential common effects of the chef change in February on the outcome variable. × 1 indicates whether an observation belongs to the treated restaurant in the treatment period, and 0 captures the treatment effect.
DiD estimation is limited to the direct effect of the nudge (i.e., the effect in period 1), as it relies on two critical assumptions to deliver unbiased treatment effects. The first assumption is that the consumption of vegetarian food followed parallel trends at both restaurants before the introduction of the nudge. The second assumption is that restaurant 2 is a valid control in the sense that any exogenous events during the experiment affected consumers at both restaurants in a similar way. This assumption is weakened by the employment of a new chef toward the end of the treatment period at the control restaurant. Figure 2 , which depicts weekly average sales of vegetarian dishes by restaurant, shows that from the week the new chef started, variability increased and sales shares slightly decreased at the control restaurant. 17 According to the restaurant's management, the higher variability in the share of vegetarian dishes sold was due to the fact that the new chef was not used to cooking vegetarian dishes and first had to acquire knowledge regarding the taste of his customers. Moreover, the menu order was changed for five weeks during the reversal period, such that the vegetarian dish was moved from the top to the middle of the menu. The change of chefs at restaurant 1 did not lead to a similar increase in variability, which is most likely because the new chef had worked there before as a trainee of the old chef. Hence, he already knew the taste of the customers and was familiar with cooking vegetarian dishes. Limiting the DiD analysis to period 1 safeguards against overestimating persistent effects of the nudge in period 2. In addition, equation (3) is estimated with period 1 divided further into subperiods and with a linear time trend, which can provide some information about the impact of the chef change on the treatment effect.
Figure 2 can also be used to examine the parallel trends assumption. A priori, this assumption is supported by several factors. Both restaurants are run by the same provider and subject to the same management, which minimizes the chance for management changes that affect only one restaurant. Moreover, both restaurants are located in the same city, and customers 16 Potentially, more employees take holidays during these weeks, which could alter the customer composition. 17 The spike in the last week of March coincides with the week before the Easter holidays, when the restaurant was open for only three days. This could have altered the composition of customers. Most likely, both the lower number of observations and the composition effect contributed to the spike in the share of vegetarian dishes sold. The treated restaurant was open for four days that week.
should be exposed to roughly the same media, weather conditions, and seasonal variation in food offered. Third, although the restaurants differ with respect to the customers to whom they cater, as they belong to different faculties, the populations are similar with respect to age structure and educational attainment, increasing the likelihood that they will react to exogenous events in a similar way.
Figure 2. Share of vegetarian meals sold per week over time, both restaurants
Examining pretreatment trends in Figure 2 lends support to the assumption of parallel trends during the baseline period. At the control restaurant, the share of vegetarian dishes sold did not trend upward or downward until the new chef was employed. The apparent spike at the start of the intervention was most likely caused by the type of vegetarian dishes offered, which was a dish belonging to the most popular category (patties) during three out of five days. At the treated restaurant, the share of vegetarian dishes sold exhibits more variation but no clear trend during the preintervention period, and it increased steadily after the implementation of the nudge. The drop exactly at the start of the intervention was most likely caused by the fact that a job fair was taking place at the treated restaurant; only one day of sales data was delivered during that week. On that day, a vegetarian dish belonging to one of the least popular categories, stew, was sold. During the reversal period, the share of vegetarian lunches at the treated restaurant dropped compared with the intervention period but was still slightly higher than during the baseline period.
In addition to using a linear DiD model, sales in period 1 are also modelled by a conditional logit model and a nested model to relax the IIA assumption. The conditional logit model takes the following form, where p itj denotes the probability that alternative j is chosen in restaurant at day , and R and P1 are dummies for restaurant 1 and period 1, respectively: Table 4 presents the estimated effects of the nudge in period 1, using the before-after approach in columns (1) -(4) and the DiD approach in columns (5) To analyze the development of the treatment effect over time, the intervention period is split into three subperiods: November-December, January, and February-March. 18 Results in columns (1) and (4) of Table 5 confirm the graphical analysis: the size of the treatment effect increases over time, from 4.1 to 11.3 percentage points when estimated by a before-after comparison, and from (insignificant) 1.2 to 13.5 percentage points when estimated by DiD.
Results
Preliminary analysis
(1) (2) (3) (4) (5)(6)
Regression analysis: Immediate effects of the nudge
19
The effect for February-March is most likely slightly overestimated in the DiD specification, as these are the months when the new chef was employed and the share of vegetarian dishes dropped slightly at the control restaurant (see Figure 2) . However, the effect for FebruaryMarch does not differ significantly between the before-after and the DiD specification.
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Estimating the treatment effect with a linear time trend (columns (2), (3), and (5)) shows that the nudge led to an increase of 0.8-0.9 percentage points in the share of vegetarian dishes sold each week. In column (2), a weekly linear trend is estimated using only data from the treated restaurant up to February 1, when the new chef started. Column (3) estimates the trend using all of period 1 but includes a dummy for the period February-March. The trend slightly decreases but is not significantly different from using only the data up to the chef change (p = 0.10), providing evidence that the change of chefs at the treated restaurant did not significantly change the impact of the nudge. Excluding the first week of the intervention, which represents a potential outlier at both restaurants (see Figure 2) , as a robustness check for the linear time trend decreases the weekly trend to 0.75-0.84 percentage points, depending on the specification used.
21
As individual-level data is not available, it is impossible to identify the mechanism behind the increasing treatment effect. One potential explanation is that an increasing number of individuals were exposed to the nudge over the course of the intervention. A guest survey conducted in May 2015 revealed that on average, customers eat at the restaurant about four times per month. If initially nudged customers subsequently increased their consumption of vegetarian food further, such as predicted by the models of Becker and Murphy (1988) Note: The baseline specifications shown in columns (1) and (4) correspond with columns (4) and (8) in Table 4 . Standard errors in parentheses, *** p < 0.01, ** p < 0.05, * p < 0.1. Table 6 shows the results of the before-after regressions testing for persistent changes in the share of vegetarian dishes sold after removing the nudge. When estimating the full model, including controls for dish types and weekday fixed effects (column (4)), the share of vegetarian lunches is still around 4 percentage points higher than in the baseline period. Combining the results from the analysis of treatment effect over time and from the reversal of the inter-vention, the nudge seems to have led to a persistent shift in consumption toward more vegetarian food. Note: Conventional standard errors are used as the residuals exhibit very little heteroscedasticity and as they provide the most conservative confidence intervals in all specifications, even when compared with bias-corrected robust standard errors. Standard errors in parentheses*** p < 0.01, ** p < 0.05, * p < 0.1.
Persistent effects of the nudge on the share of vegetarian dishes sold
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Heterogeneous effects: Type of vegetarian dish served
As Figure 1 shows, the sales share of vegetarian dishes varied considerably with the type of dish offered. This section analyzes whether the impact of the nudge varied across dish types. Changing the visibility of the dish can be expected to have a differential impact, depending on how appealing a dish looks and how this contrasts with the expectations formed by the customers when only reading the name of a dish. Figure 3 shows how the sales share of vegetarian dishes changed across periods for each type of dish at the treated restaurant, according to the classification used in the regression analysis. It can be seen that the intervention increased the sales of all vegetarian dish types, but effects vary considerably across types. The nudge seems to work most effectively when a vegetarian patty is sold and least effectively when a stew is sold. One explanation could be that the appearance of patties, such as vegetarian burgers, appeals more to customers who usually consume meat or fish, as they resemble typical meat dishes. This explanation is corroborated by previous research finding that industry meat substitutes, such as soy burgers, are 22 There is no evidence for a decline in the share of vegetarian dishes sold during the reversal period. When the reversal period is divided into two parts (March-April and May-June), treatment effects are 0.044 and 0.036, respectively, and not significantly different from each other. Results for the split reversal period are available on request.
relatively popular meat substitutes for consumers adhering to flexible diets (i.e., those that are neither vegetarians nor heavy meat eaters) (Schösler et al., 2012) . Stews, on the other hand, seem to attract only the core vegetarian customers even during the treatment condition, as their share hardly increased while the nudge was implemented. However, although the effects for patties and vegetables are large in absolute terms in period 1, none are statistically significant when tested in a regression (see appendix Table A. 2), which could be due to the relatively low frequency with which each category was served. 
Alternative model specifications and substitution effects
Although the nudge changed only how the vegetarian and meat 1 dishes were presented, Figure 4 provides some indication that the sales share of the meat 2 dish was also affected by the intervention. Plotting the sales shares of all three dish types shows that the meat 1 and meat 2 dish were close substitutes, as their sales are highly negatively correlated (r = -0.84). It also shows an increase in the unconditional sales share of the meat 2 dish (not controlling for dish types or time effects) during period 1 and period 2 compared with the baseline period.
Figure 4. Development of sales shares of all three dish types over time, treated restaurant
Regression results confirm the graphical analysis. Table 7 Results from the nested logit models, which are preferred over the conditional logit results because they are not sensitive to the IIA assumption,24 show that the increase in the number of vegetarian dishes sold was accompanied by a decrease in the meat 1 dish by around 10 percentage points and an increase in the meat 2 dish by around 4 percentage points in period 1 if estimated using the before-after specification, and all effects persist into period 2 when the 23 Puhani (2012) shows that the treatment effect in nonlinear difference-in-differences models is given by the incremental effect of the treatment indicator on the outcome variable:
where , = 1, 2, 3 denote the three dish alternatives. The treatment effect is estimated as the marginal effect at data means. Standard errors are obtained by using the delta method. 24 A formal Hausman test of the IIA assumption did not provide valid results, as the covariance matrix for the difference between the restricted and unrestricted models was not positive definite. This is most likely a finite sample problem. As the IIA cannot be assumed to hold, and the nested logit model should be preferred.
nudge was removed. When estimating via the difference-in-difference approach, the negative effect on the meat 1 dish drops to around six percentage points, while the effect on the meat 2 dish disappears. As shown in Table 2 , sales of the meat 1 dish decrease in favor of the meat 2 dish at the control restaurant in period 1, causing the change in the regression coefficients on the meat 1 and meat 2 dish at the treated restaurant. (2). c Nested multinomial logit model with the two meat alternatives specified as belonging to the same branch and the vegetarian alternative as a second branch. d As specified in equation (3). Results are obtained from three separate OLS regressions with either the share of vegetarian dishes, meat 1, or meat 2 dishes sold as the dependent variable. e As specified in equation (4). f Nested multinomial logit model with the two meat alternatives belonging to the same branch and the vegetarian alternative as a second branch. The holiday fixed effect for the Christmas holidays is omitted because it kept the model from converging.
Changes in the menu order at the control restaurant
The experimental setup at the treated restaurant does not allow disentangling which part of the nudge caused the increase in the share of vegetarian lunches sold: the change in the menu order or the increased visibility of the vegetarian dish. 25 Evidence that changing the menu order in isolation play at least some role comes from the control restaurant. As mentioned earlier, the new chef changed the menu order during five nonconsecutive weeks, resulting in 22 days with a changed order out of the 79 days in the sample when the new chef was employed. Despite the small sample, when regressing daily sales of all three dish types on a dummy for changed menu order, type of meat or vegetarian dish, and weekday fixed effects in a nested logit model, there is a significant negative effect of -2.4 percentage points from listing the vegetarian dish in the middle instead of at the top (see Table 8 ). The effect of being put at the top is larger; sales of the meat 1 dish increased by around 4 percentage points on the days when the menu order was changed. The reduction in sales of the meat 2 dish is not significant but still indicates that there was some substitution from the meat 2 to the meat 1 dish when the latter was placed at the top. 26 Analyzing the menu changes in the control restaurant shows that it is possible not only to be nudged into switching to vegetarian food, but also to be nudged away from it. Note: Only observations when the new chef was employed were used ( 17 weeks of data), of which the menu order was changed during five weeks. Treatment effects are calculated as the incremental effect of the treatment indicator on the outcome variable (Puhani, 2012) and as marginal effects at data means. Standard errors are obtained by using the delta method. Standard errors in parentheses, *** p < 0.01, ** p < 0.05, * p < 0.1. 25 A priori, it seems more likely that it was the increased visibility that, via a change in saliency and additional information, caused most of the treatment effect. Order effects based on growing fatigue or satisficing behavior seem more apt to arise with longer lists, and previous studies included lists containing many more items than the menus in this study (for example, Dayan and Bar-Hillel, 2011; Feenberg et al., 2015; Policastro et al., 2015) . Confirmatory bias, on the other hand, might cause a primacy effect even with such a short list. 26 The results of changing the menu order at the control restaurant are robust to excluding the outlier identified in Figure 2 . Excluding that week changes the effect on the vegetarian dish to -0.0216 but leaves significance unaffected. The effect on meat 1 slightly increases to 0.04062, while the effect on meat 2 remains insignificant.
Effects of the treatment on lunch GHG emissions
Substituted dishes
To evaulate the potential of nudging for decreasing food-related GHG emissions, it is necessary to study which type of meat customers substitute away from when being nudged into choosing a vegetarian meal, as different types of meat imply different emissions intensities per kg consumed. In terms of average CO 2 equivalents (CO 2 e) emitted per kg of meat sold in Sweden, 1 kg of beef causes the highest emissions, followed by lamb, mixed meats (such as minced meat), pork, chicken, and fish (Bryngelsson et al., 2016) . Thus, if consumers substitute vegetarian meals for fish and chicken as a result of the nudge, emissions reductions will be lower than if they reduce their consumption of red meat. Figure 5 shows that the reduction in sales shares is close to the average reduction for all types of meat served as the meat 1 dish. 27 Figure A .2 in the appendix shows a similar result for meat 2 dishes: the increase in sales of vegetarian dishes did not depend on the type of meat 27 Soup was never served as a meat 1 dish in period 0 and was served only twice in period 1, so it was added to the pork dishes, as its regular version contains bacon.
served. 28 For the calculation of climate impacts, it is thus assumed that the nudge affects dishes of the same type (meat 1, meat 2, vegetarian) uniformly.
Approximating the reduction in GHG emissions
How big is the impact of the intervention on GHG emissions of the restaurant? With the help of a few assumptions, a back-of-the-envelope calculation of the impact of the nudge on GHG emissions can be performed. The chef of the treated restaurant provided information on the standard quantities of meat, vegetables, carbohydrates, vegetarian substitutes, and sauces served, which can be found in appendix Table A .3. 29 Those standard portions were used as inputs into the calculations. Emissions of the raw inputs measured in CO 2 e per kg were taken from Bryngelsson et al. (2016) and Röös (2014) and can be found in appendix Table A .4. As different types of meat differ in emissions per kg, it is important to account for the frequency of different types of meat served within a period. Similarly, vegetarian industry substitutes such as Quorn or soy products have considerably higher emissions than vegetables, eggs, legumes, or grains, which might otherwise be used to substitute for meat. The daily menus of the treated restaurant were used to identify the frequency of each type of meat or vegetarian substitute served during each period and can be found in appendix Table A.1.
Using the standard portions, the emissions values for the inputs, and the menus, emissions calculations were done in four steps: First, emissions of standard portions were calculated separately for dishes containing different kinds of meat and vegetarian substitutes. 30 The resulting emissions in kg CO 2 e of each standard portion can be found in Table 9 . Second, predicted sales shares for the three alternatives with and without treatment were taken from the nested logit regressions in section 4.5 (see Table 10 ). Third, emissions for each period were calculated by using the average number of customers per day, the total length of the period, the number of times each type of meat or vegetarian substitute was served, and the predicted sales share of each dish. Finally, expected emissions for periods 1 and 2 were calculated as if 28 When testing for heterogeneous effects of the treatment depending on the type of meat served in an OLS regression, none of the effects are significant at a 5 percent level. The interaction effect for chicken is positive and significant at a 10 percent level in the regression modelling the sales share of meat 1 dishes as the dependent variable. Full regression results are available from the author on request. 29 As detailed recipes of all the dishes served could not be obtained, exact emissions calculations are impossible. 30 Emissions values for carbohydrates, vegetables, and sauce were calculated by taking the average of all available values and do not differ between the meat and vegetarian dishes. With respect to the input of dairy products, the chef stated that the vegetarian meals contain less dairy than the meat dishes because he tries to keep many dishes vegan. As he could not quantify the difference, equal inputs of dairy for all dish types were assumed.
there had been no treatment in period 1 using the same input values as in step three, but using the predicted customer shares without treatment. Results of the calculations are shown in Table 10 . Scenario 1 compares emissions in period 1 (from step three) with expected emissions if the nudge had not been in place (from step four) using the point estimates of the treatment effect. Emissions with the nudge in place were 4.8 percent lower than they would have been without the intervention. During the reversal period, emissions were still 3.8 percent lower than they would have been if there had been no intervention in period 1. This relatively high reduction in emissions compared with the size of the treatment effect can be explained by the fact that during period 2, high-emitting meat such as beef was part of the meat 1 dish more often than during period 1, while the opposite was the case for the meat 2 dish. So although the share of meat dishes sold increased during the reversal period compared with the treatment period, emissions did not increase to the same extent, as customers substituted between the two meat dishes. This shows that not only demand, but also what is offered, drives emissions.
To explore the sensitivity of the emissions reductions with respect to the size of the treatment effect, scenarios 2 and 3 use the lower and upper bounds of the estimated effect as given by the 95 percent confidence interval. Total emissions are reduced by 0.7 and 8.5 percent, respectively, in those scenarios. The importance of the kind of meats served for GHG emissions is further explored in appendix Table A.5. Scenario 4 eliminates the impact of the changing menu on emissions by using the average menu composition across the whole year for calculating emissions in periods 1 and 2 (see the last column of appendix Table A assumes that all meat served is ruminant meat (beef and mutton), which is high in CO 2 e emissions per kg. If the nudge were applied on such a menu (all other things equal), emissions reductions would be larger (6.4 percent in period 1 and 3.6 percent in period 2). On the other hand, if the menu is already "climate-friendly" and only pork, poultry, and fish are served as the meat dishes, the reduction potential of the nudge is smaller (2.9 and 1.9 percent).
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It should be noted that the relatively high reductions in GHG emissions found in the simulation are partly driven by the assumption that cheese was not substituted for meat. As Chen et al. (2016) show, substituting cheese for meat significantly decreases the reduction potential of vegetarian food and in some cases (if climate-friendly meats such as chicken or pork are substituted away from) might even lead to an increase in GHG emissions. In the present case, the chef stated that vegetarian dishes did not contain more cheese than in the meat dishes, but the GHG reduction potential of nudging toward vegetarian diets heavily depends on the kind of vegetarian food served at the restaurant in question.
Looking at the demand elasticities of meat can provide an idea about the price changes necessary to achieve reductions in demand comparable to those from the nudge, and hence about climate change mitigation costs. Estimated own-price elasticities in Sweden are -0.538 for beef, -0.370 for pork, and -0.363 for chicken (Säll and Gren, 2015) . Thus a 6 percent reduction in demand would require price increases by 12 to 16 percent. 31 In terms of absolute reductions, scenario 1 shows that the nudge reduced emissions by a total of 1.77 tCO 2 e. This corresponds approximately to the emissions of driving a car for 11,056 km in Sweden, based on the average CO 2 emissions of the car fleet (160g/km in 2015; see Swedish Traffic Agency, 2016). Table 7 , column (6).
b
Based on the estimation results in Table 7 , column (3).
Conclusion
The results of the field experiment show that it is possible to nudge consumers into more climate-friendly diets. Making the vegetarian dish more salient by increasing its visibility and changing the menu order increased its sales share by around 6 percentage points, which constitutes an increase of around 40 percent of the sales share of the vegetarian dish compared with the baseline period. Although it is not possible to separate the impact of the two changes that were made simultaneously, the analysis of menu order changes at the control restaurant How does the nudge compare with other interventions targeted at reducing meat consumption? One such intervention is the establishment of mandatory vegetarian days in public catering. Lombardini and Lankoski (2013) study such a vegetarian day at public schools in Finland. They find that even though its introduction had positive spillover effects on parts of the population, such that they increased their consumption of vegetarian food even on other days, it also caused noncompliance in the form of less food taken and higher plate waste on the vegetarian days. The authors conclude that setting appropriate default choices might be a better option to increase the consumption of vegetarian food than restricting choices. Another type of intervention is environmental labelling of food. Although such labelling usually does not target meat consumption directly, meat products often do worse in environmental assessment. In a test of an environmental label in an experimental supermarket by Vlaeminck et al. (2014) , the share of meat products dropped by around 20 percent in their most effective treatment. Climate labelling of meals has been tested by Visschers and Siegrist (2015) , who find that marking the two most climate-friendly choices out of four meals at a university restaurant led to a 20 percent higher share of climate-friendly choices.
With respect to policy recommendations, the external validity of the results has to be reflected. The restaurant where the nudge was implemented is frequented by a highly educated, changes are made to the food environment in a faculty restaurant similar to the one in this study, transparency could be increased by informing customers via the weekly menu email that many subscribe to or by putting an appropriate note on the menus set up in the restaurant.
Although simulations such as conducted by Springman et al. (2016) show large potential health benefits at the population level of switching to vegetarian diets, these results are based on assuming varied and nutritionally balanced vegetarian diets substituting omnivorous diets.
This assumption might not be fulfilled in every diner where nudging can be applied. In the present case, the restaurants work with nutrition standards that are supposed to be met by all three warm dish alternatives, so we do not any negative impacts on the nutrient supply.
With respect to the environmental significance of the results, it should be pointed out that this paper studies just one of the many food decisions people make every day. Although lunch constitutes one of the larger meals of the day, it is possible that consumers compensate for having chosen vegetarian later during the day. Future research should address such compensation effects, which are important when evaluating not only food nudges, but also nudges for the environment in general. Back-of-the-envelope calculations on the climate impact of the nudge show that emissions from the restaurant's sales decreased by around 5 percent during the intervention period, compared with a scenario without the nudge being implemented. As the nudge was costless for the restaurant to implement and did not affect profits negatively, this paper shows that nudging is a promising tool to foster more climate-friendly food choices. Note: Including all weeks in period 0 and 1. The baseline category for the type of vegetarian dish is other vegetarian. The specifications in columns 1 and 3 correspond to the specifications in column 4 of Table 6 and column 8 of Table 4 , respectively, and are shown for comparison reasons. Standard errors in parentheses, *** p < 0.01, ** p < 0.05, * p < 0.1. Instead of using the menu composition each period, the average menu composition was used as given in the last column of appendix Table A 
